Abstract. After meat and dairy products, fish meat is one of the greatest sources of animal protein, but it is also probably the most susceptible to oxidation. The study material consisted of carp, Cyprinus carpio L., meat. The left and right sides of the fillet were divided into three parts, the head, abdomen, and tail. On the first day of the study, the anisidine value ranged from 0.21-1.70, and did not differ significantly among the body parts. Peroxide values fluctuated frequently during the study. Lipid oxidation depended on the part of the fish the meat came from and the structure of the meat, either fillets or ground meat.
Introduction
After meat and dairy products, fish meat is one of the greatest sources of animal protein. Annual carp catches and carp production in aquaculture are both growing. The world production of common carp, Cyprinus carpio L., in 2008 was nearly 3 million tons. Carp is also consumed traditionally in the countries of Central Europe (Mráz 2011) , which is why its highest consumption in Poland is in December at Christmas. Carp is classified as either a fat 7.0-15.0% (Ko³akowska et al. 2002) or medium fat fish (Tkaczewska and Migda³ 2012) . The fat content in fish meat, however, depends on many factors, including nutrition, climate, species, origin (wild or farmed), and part of the fish the meat comes from. According to Aubourg et al. (2005) and Álvarez et al. (2009) , fat content varies in different parts of fish.
Fish meat is probably the most susceptible to oxidation mainly because of its high level of unsaturated fatty acids (Sullivan and Budge 2012) , and its shelf life is limited by enzymatic and microbial activity (Uçak et al. 2011) . The oxidation of polyunsaturated fatty acids is catalyzed by heat, light, and enzymes, and leads to the formation of peroxides, aldehydes, ketones, and free radicals. Fish lipid oxidation is one of the major problems in fish processing, mainly through the loss of nutritional qualities and the unpleasant odor. The aim of this study was to evaluate changes in the lipid quality of C. carpio meat from different parts of the body that was stored under refrigeration conditions as fillet or minced meat. left and right side of the fillets were divided into three parts -the head, belly, and tail. The left fillets were placed in food containers at 4°C, and the right fillets were grounded in a meat grinder (Zelmer, Poland) with a 3 mm mesh. This meat was also packed into uncovered food containers and stored in a refrigerator. Tests were performed every three days on two samples of meat from each body part on fillets and ground meat, for a total of 18 samples (six from the head, six from the belly, and six from the tail).
The lipids were extracted from fillets or ground meat using the Bligh and Dyer (1959) method. The extracts were stored in tightly sealed dark glass bottles at a temperature of 2-4°C until analysis (up to 1 h).
The following were determined in the extracts: a) Peroxide Value (PV) Analysis -PV was determined using the ferric thiocyanate method according to BN-74/8020-07. The method is based on the oxidation of ferrous ions into ferric ions by peroxides (present in rancid fat) and colorimetric assays of color complex. b) Anisidine Value (AV) Analysis -AV was determined according to PN-93/A-86926. The method is based on the reaction of aldehydes (present in the sample -generated during the decomposition of hydroperoxides) with p-anisidine in glacial acetic acid and the spectrophotometric measurement of the absorbance of yellow colored complex. c) The fat content in extracts was determine according to BN-74/8020-07. d) Total oxidation value (Totox) was calculated = (2.6
x PV + AV) according to PN-93/A-86926.
The results were evaluated statistically. The results presented in the tables are the arithmetic averages of three parallel laboratory replicates. Statistical analysis was performed with Statistica 10.0 (StatSoft, Poland). The Kruskal-Wallis test was used to compare the differences among means. This was followed by the multiple comparisons medium rank test. Verification was performed at the level of P <0.05.
Results and discussion
On the first day, the anisidine value (AV) ranged from 0.21 to 1.84, and did not differ significantly among different parts of the body (Table 1) . During the study it was found that AV increases during refrigerated storage of meat. The only statistically significant difference was recorded between the third and ninth days in ground meat from the head (0.55 to 3.80).
After nine days of the study, the mean AV ranged from 1.18 to 3.35. The anisidine value is a secondary indicator of lipid oxidation, and is increasing with increasing aldehyde content (Zhang et al. 2013 ). Additionally, AV colorimetric determination depends on the concentration of secondary lipid oxidation products and their structural composition, and its value should not exceed 2 (Gokoglu et al. 2012 ). On the six day AV was below 2 only in the tail part of the fillets. This suggests that the maximum time of cold storage for carp meat is six days.
Changes in the peroxide value (PV) were larger and were also more statistically significant ( Table 2 ). The peroxide value content is a primary indicator of Head fillet 0.53 ± 0.17 lipid oxidation products. Peroxide values after three days of storage in all parts of fish bodies were less than 8 mEq O 2 kg -1 lipid, which means that the meat is acceptable for human consumption. But after six days, half of meat samples, especially those from the tail, were unfit for human consumption. In a previous study, Ochrem et al. (2014) used dielectric measurements and sensory evaluation to determine that the maximum meat carp storage period is eight days. In addition to the earlier results for assessing fat quality, it should be noted that carp fillets are fit for consumption for up to six days of cold storage. The results of the Totox indicator are shown in Table 3 . In a study on rainbow trout, Oncorhynchus mykiss (Walbaum), the PV on the first day was 0. (Aubourg 1999 ). Lipid content varied in different parts of the fish: 4.12% (head); 4.51% (belly); 5.03% (tail). The differences between the head and tail were statistically significant. No statistically significant correlation between PV, AV, Totox, and fat content in the different parts of the body were noted (Table 4) . According to Hultin (1994) and Bartosz (2003) , peroxidation affects mainly phospholipids, which are located in the cell membrane and are the most exposed to attack by free radicals. The level of fatty acids in cell membranes is low. Aydin and Gokoglu (2014) conducted a study on frozen (-20, -40, -80°C) (2006) concludes that fillets are less susceptible to oxidation. Additionally, perhaps as a result of grinding, meat appears to lose naturally occurring antioxidants, which probably explains why the PV of minced meat was higher than that of fillets on the first day of the storage. In a study on striped catfish, Pangasius hypophthalmus (Sauvage), fillets, the peroxide value was lower for raw fish ( -0.2004 -0.2669 -0.1661 -0.2486 -0.2254 -0.2137 to Aidos (2002) , this happens faster at higher temperatures. Maybe under refrigeration conditions oxidation is to slow to utilize all the peroxides present in fish meat, which is why PV was detected in tail fillets and in abdomen and tail ground meat at high levels until the end of the study. Different results were obtained by Selmi et al. (2008) lipid value is considered to be the upper limit of shelf life (Boran et al. 2006) , and the ground meat treated with cryoprotectants exceeded this after 75 days of the study, while untreated meat did so after 45 days. Kolanowski (2010) suggests 10 mEq O 2 kg -1 lipid as the upper limit for peroxide value. The degree of lipid oxidation also depends on the type of ice used for fish meat storage. Losada et al. (2004) 
